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Examination of Sputum. 
Previous to  1915  the  chief means  of isolating the tubercle bacillus 
from sputum  was  animal  inoculation with  subsequent  cultivation of 
the  recovered organism  on  some  suitable  medium,  as,  for example, 
blood  serum  and  glycerol  egg.  Because  of  the  time  required,  the 
uncertainty  of  animal  inoculation,  and  the  possibility  of modifying 
the organism by animal passage,  this method has proved impractical 
and unreliable. 
Uhlenhuth and Xylander (1908) found that antiformin in certain concentra- 
tions is bactericidal for almost all bacteria but the bacillus  of tuberculosis,  and 
formulated their well known method for isolating tubercle bacilli in pure culture. 
Other investigators have adopted their suggestions in whole or in part, but with 
results as a  rule far from satisfactory.  Petroff's method was, therefore, indeed 
welcome.  Since the appearance of Petroff's articles  (1915) Williams  and  Bur- 
dick (1916) have described  a similar method in wMch they employ a medium of 
their own.  No reports on any duplication of their work have been seen by the 
writer, but in the few attempts that were made in this laboratory to repeat the 
work of Williams and Burdick no satisfactory conclusions could be arrived at. 
The  Petroff  medium  is  prepared  easily.  It  consists  of  whole 
egg  2  parts,  fresh  meat  juice  (beef  or veal)  1  part,  glycerol  5  per 
cent,  and  gentian  violet  1:10,000.  It  is  heated  in  the  inspissator 
at  85°C.  until  coagulated,  and  for  an  hour  at  75°C.  on  the  2  sue- 
ceeding days. 
The sputum  to  be  examined is  digested  with  an equal amount of 
3  per  cent sodium hydroxide at  37°C.  from 20  to 30 minutes.  The 
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mixture is  then  neutralized with normal  hydrochloric acid  and  cen- 
trifuged.  The  sediment  thus  obtained  is  spread  over  the  surface 
of the  above  medium. 
In the 1st year that this method was employed Petroff isolated  the  tubercle 
bacillus  129 times from  135  specimens  of sputum,  or in 95.55 per cent of the 
cases, growth being obtained in 7 to 14 days after inoculation.  In several in- 
stances he recovered the organism from sputum which had failed to reveal it by 
staining  and direct microscopic examination.  He examined feces also, but found 
it more difficult to isolate tubercle bacilli from this source, being successful only 
19 times in  the testing of 35 specimens  (54 per cent).  Although  Keilty (1915, 
1916) was  not so successful as Petroff he expressed  the belief that  the method 
would prove itself to be of practical value.  He obtained growth from 12 out 
of 18 samples of known  tubercular sputa, only 4 being isolated in pure culture, 
however.  Mitchell  and  Simmons  (1915) examined  35  specimens  from which 
tubercle bacilli were obtained pure in 80 per cent of the cases. 
The present investigation  is  in part  a  duplication  of the work of 
others  on  sputum  examination.  The method was  the  same  as that 
described by Petroff, except for a  few minor details.  Some difficul- 
ties were at  first encountered,  such  as  contamination and  drying of 
the medium, but these were soon largely overcome.  All the specimens 
used  were  sputa  which  Were  procured  throttgh  the  Yale  Medical 
School, and  which were pronounced positive  as  the  result  of micro- 
scopic examination. 
Thirty-seven specimens were examined,  and  from twenty-four, or 
64.8 per  cent,  tubercle  bacilli were isolated.  The  shortest  time re- 
quired for visible growth was  2  weeks, while  the  average period was 
from 3 to 4 weeks.  In some instances colonies could not be detected 
in  less  than  6  weeks  after  the  inoculation.  It  is  apparent  from 
these  statements  that  much more time was  required  here to obtain 
the organism in culture than  in  the work of  Petroff.  These  results, 
however,  coupled  with  those  of  other  experimenters,  appeared  so 
promising  that  it was  deemed desirable  to  apply the method  to  the 
examination  of  milk,  and  perhaps  later  to  milk  products,  meats, 
sewage,  dust,  and  other  agents  or media which may be suspected  of 
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Examination  of  Milk. 
With  our  growing  belief  in  the  intercommunicability  of  bovine 
and human  tuberculosis, the problem of determining  the presence of 
tubercle  bacilli  in  milk  by  a  quick  and  reliable  method  is  one  of 
great importance.  The need of such a  method is made all the more 
apparent by the work of Hess (1908) in New York, Anderson  (1909) 
in Washington,  and  other investigators  in widely separate localities, 
which  showed  that  at  least  6  to  10  per  cent  of  the  unpasteurized 
market  milk  in  this  country  contains  the  organism  of  tuberculosis. 
This  is  not  only  a  public  health  problem, but also one o~ great 
significance  from  the  broader  economic  standpoint.  Tuberculosis 
often spreads very rapidly in a  herd of cattle which then  becomes a 
constant  menace  to other  live stock receiving  the infected milk,  as 
well as to young children.  According  to statistics  of the Bureau of 
Animal Industry about 10 per cent of the dairy cattle in this country 
are reactors to the tuberculin test, and 9 per cent of all the hogs that 
were slaughtered under Government inspection in 1916 were found to 
present  evidence of tuberculosis  (Mohler  and Washburn,  1917).  It 
has  been  estimated  that  the  aggregate  loss to  the  United  States 
from tuberculosis among farm  animals  is  $14,000,000  annually. 
The  only method  of  determining  the  presence  of  tubercle  bacilli 
in  milk  has  been  that  of animal  inoculation.  This  has  proved  too 
expensive,  slow,  and  unreliable,  as  there  is  always  the  possibility 
of losing  the  animal  from acute  non-tubercular  infection.  Staining 
and direct microscopic examination of milk or its sediment for tubercle 
bacilli  can  receive no  serious consideration,  on  account  of  the  rela- 
tively small number of bacilli present. 
In the first endeavors to apply Petroff's method to the examination 
of  milk,  the milk was  artificially  infected  with  a  stock  culture  of 
Bacillus tuberculosis.  A small clump of the bacilli was finely mashed 
in 6  cc. of bouillon or salt solution; after prolonged shaking 4  cc. of 
this  suspension were added  to about 85  cc.  of cream,  from which 4 
cc.  quantities  were  then  removed  and  placed  in  sterile  centrifuge 
tubes.  This  material  was digested  with  an  equal  volume  of  3  per 
cent sodium hydroxide solution for 20 to 30 minutes at 37°C.  Mter 
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sediment  layers  in  the  centrifuge  tttbes  were  made  on  the  gentian- 
violet-egg-meat-juice medium  of Petroff. 
The  first  experiments  were  so  successful that  larger  quantities  of 
milk were inoculated with fewer organisms,  and allowed to stand for 
12 to 24 hours,  some in the ice box and others in the incubator,  be- 
fore the samples were taken for testing.  With these less abundantly 
inoculated  samples  positive  results  were  obtained  less  frequently 
than  in  the preceding work. 
Thirteen  samples  of  milk  were  artificially  infected  with  tubercle 
bacilli,  four with the human  and nine with the bovine type.  All of 
the  human  and  five  of  the  bovine  type  were  recovered,  making  a 
total of nine, or 69.2 per cent, positive isolations, a higher figure than 
that  obtained  for  sputum.  From  each  of  these  specimens  either 
three or four portions of the milk were taken, making 51  tests in all, 
from which  tubercle bacilli were recovered twenty times,  or in  39.2 
per cent of the portions tested. 
It  was  impossible  to  obtain  milk  from  cows  having  tubercular 
udders.  Samples  from  only eight  tuberculin-reacting  animals  were 
available;  four  of  these  had  reacted  3  years  previously,  one  being 
negative on second test.  The cultural  tests with these four samples 
gave  negative  results.  The  other  four  were  from  cows  that  had 
recently  reacted;  these  likewise  proved  negative  by  the  cultural 
method.  Another  sample  of  milk  which  was  reported  as  coming 
from a  cow having generalized tuberculosis was tested, but here again 
no  positive  results  were  obtained,  either  by the  method  of  Petroff 
or by guinea pig inoculation. 
Through  the  kindness  of  the  bacteriologists  of  the  New  Haven 
Health  Department,  59  samples  of milk  obtained  from  widely dif- 
ferent  sources and  taken  to  the  City Laboratory for routine  testing 
were placed at the writer's disposal.  Of this number five, or 8.4 per 
cent,  yielded positive  growths  of  tubercle  bacilli.  As  a  rule,  when 
four samples were tested one was selected at random for guinea pig 
inoculation  also.  In  this  control  experiment  2  cc.  of the milk  were 
injected, 1 cc. subcutaneously and the  other intraperitoneally.  Most 
of the  animals  died of acute  non-tubercular  infection,  and  of those 
which  lived  for  several weeks only one  showed signs  of  tubercular 
infection. F.  CONSTANCE  STEWART  759 
Twenty-nine samples of milk from the State Bacteriological Lab- 
oratory have  been  examined  also,  all  giving  negative  results.  If 
these samples are included with those obtained from the City Labora- 
tory the percentage of positive cultures is lowered from 8.4  to 5.6. 
The above results are fairly comparable with those obtained sev- 
eral years ago in this laboratory, when a bacteriological study of the 
market milk of New Haven was made, and 6 to 8 per cent of the milk 
was  found to  be  infected  with  tubercle  bacilli,  according  to  the 
guinea pig inoculation method.  Only six samples of milk purchased 
in the open market have been examined in the present investigation. 
The results were all negative. 
The  colonies  of  tubercle  bacilli  which appeared  on  the  medium 
in  the  successful isolations  from milk were usually small  and  few 
in number, hence they were often difficult to  detect.  However, the 
bacilli were always found in great numbers in these colonies, and pre- 
sented  the  characteristic  appearance  when  stained  by  the  Ziehl- 
Neelsen method.  In one of the successful isolations a guinea pig was 
inoculated  with  the  acid-fast  bacilli.  It  died  2  weeks  after  the 
inoculation,  with  a  loss  in  weight  of  28  per  cent  and  presenting 
tubercular lesions of the mesenterY and liver.  The rapidity of action 
in  the  test  animal  confirmed the  microscopic examination which 
showed the bacilli  to be of bovine origin. 
The  morphological  characteristics  of  all  the  organisms  isolated 
from milk were such as  to  indicate  that  they were of  the  bovine 
type.  The possibility of modifying the medium which has been so 
successfully used in the isolation of the human type to meet further 
the requirements of the tubercle bacilli  of bovine origin was consid- 
ered, therefore.  In  the  work of Armand-Delille and his  coworkers 
(1913)  luxuriant  growths of  Bacillus  tuberculosis  were  obtained in 
synthetic media containing  certain  amino-acids  and  diamines.  It 
was  thought  desirable  in  this  investigation  to  add  various  amino- 
adds, and also small amounts of sugar and phosphates to the gentian- 
violet-egg-meat-juice medium of Petroff.  This  study has  not  pro- 
gressed very far,  however, and  various  combinations  of  glycocoll, 
asparagin,  glucose,  and phosphates are still  being tried out.  Thus 
far it appears as if either glycocoll or asparagin favors the growth of 
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Certain  obstacles  must  be  recognized in  attempts  to  apply  the 
Petroff  method  to  the  detection  and  isolation  of  tubercle  bacilli 
present in cow's milk, that are not encountered in the examination of 
sputum.  In  the  first  place,  the  experiments  cannot  be  controlled 
satisfactorily, as  there is  as yet no reliable method of identification 
with which the new method may be  compared.  Furthermore, the 
relatively small numbers of tubercle bacilli which are probably pres- 
ent in samples of infected milk render their detection correspondingly 
difficult.  And  finally,  the  slowness  and  difficulty with  which  the 
bovine  type  of  Bacillus  tuberculosis  is  made  to  grow  on  artificial 
media are  factors which must be reckoned with.  However, further 
investigation of this problem should greatly reduce these obstacles. 
SUMMARY  AND  CONCLUSIONS. 
1.  Tubercle bacilli were isolated by the Petroff method from 64.8 
per cent of the sputa which were found to be positive by the direct 
microscopic method. 
2.  The organism was recovered from 69.2  per cent of the samples 
of milk that were artificially infected. 
3.  Of the milk obtained through the New Haven Health Depart- 
ment Laboratory 8.4 per cent of the samples were found to  contain 
tubercle  bacilli,  while  none  of  the  twenty-nine  samples  from  the 
State Laboratory gave positive cultures. 
4.  All the guinea pigs  (thirteen), except one, which were used as 
control animals died without any visible signs of tuberculosis. 
5.  Petroff's method for the isolation of tubercle bacilli from spu- 
turn may be applied successfully to the examination of milk.  With 
slight modifications, the method should prove constant and reliable. 
The need of such a method for the examination of milk and milk pro- 
ducts is apparent. 
I  wish  to  express  my indebtedness  to  the members of  the  City 
and  State  Bacteriological  Laboratories  for .supplying  samples  of 
milk,  to  Dr.  S.  A.  Petroff  for  his  suggestions  on  technique,  and 
finally to Dr. L.  F.  Rettger for his advice and criticism throughout 
the course of this investigation. F.  CONSTANCE STEWART  761 
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